. For at least 5 decades, this system has been referred to as a temporal hierarchy, but as pointed out by Yates 3 , it is really a heterarchy in which the levels of organization are not separately and clearly defined, but interact strongly at every level and even directly between widely separated levels. The time structure of life 4 is at least as complex as it its spatial structure -but, whereas the spatial structure is documented precisely to Å resolution for many macromolecules and we have extensive information on subcellular ultrastructure, our appreciation of the temporal organization is less impressive. Details of molecular dynamics and enzyme kinetics have been examined in vitro until recently, but with the development of new noninvasive imaging techniques, they are now increasingly studied in vivo. Rapid progress towards minimizing our ignorance is being made even on a µs time-scale resolution 5 . Despite the clarity and astonishing spatial resolution of medical imaging techniques, the direct non-invasive probing of the whole organism is rather less feasible 6 . The system developed by Kuriyama and his colleagues using a self-synchronized continuous culture of yeast 7 provides a unique opportunity to extend our understanding of the minuteto-minute development of the organism through multiple cycles in experiments that might be continued for days, weeks or months. The unperturbed progression of state changes can be monitored, as if in a single organism, although the population density is 10 9 yeasts cells per ml. So, there is plenty of both cellular and extracellular material for discrete time samples for biochemical analysis. So far, 15 papers have been published, and the essential discoveries recently reviewed 8, 9 . In a nutshell, the picture that emerges is one of an exquisitely and intensively interwoven network of temporal controls that encompass every aspect of cellular function, including electron transport, membrane transport, energy transduction, metabolism, biosynthesis transcription, membrane translation and ribosome assembly, organelle biogenesis, membrane flux and trafficking, and nuclear and cell-division cycle progression 10 . Most importantly, the entire system is tied to a metronomic time-base (in yeast, a 40-min interval) that provides a simplifying principle, a temporal ordering to the enormous complexity of the living state. Strong evidence for a similar organization of the time structures of other yeasts and protists has been summarized 11 . Recently, the clarity of this picture has been undermined 12, 13 . Tu et al. 12 , in attempting to further advance our understanding in this area, have unwittingly used markedly different culture conditions (especially with respect to aeration), and in so doing have produced a different system from that of Kuriyama, the one with respiratory oscillations first described in 1978 and extensively researched ever since 14 . The phenomenon they describe (τ (period) = 3-4 h) is the cell-division cycle (mitotic) oscillation, not the shorter-period ultradian clock cycle. Although the cell-division cycle is sometimes referred to as a clock, its duration is temperature and nutrient dependent, and therefore is a rhythm rather than a clock.
The Opinion article by Tu and McKnight 13 further confuses readers on several issues. Its main hypothesis, that "cyclic changes in a cell's metabolic state might be a fundamental driving force for biological oscillations", and the authors' comparisons of metabolic cycles with circadian cycles, the hibernation cycle and the sleep-wake cycle (all of which remain a 'mystery') is poorly expressed and says nothing new. Their paper fails to cite key advances in the field. The redox-switching mechanism that lies at the core of the cellular network, the ultradian clock 9, 10 , drives nothing as it is one of many central components of the global system. 
